We report the effects of electron doping on the ground state of a diamagnetic semiconductor FeGa 3 with a band gap of 0.5 eV. By means of electrical resistivity, magnetization and specific heat measurements we have found that gradual substitution of Ge for Ga in FeGa 3−y Ge y yields metallic conduction at a very small level of y = 0.006, then induces weak ferromagnetic (FM) order at y = 0.13 with a spontaneous moment of 0.1 µ B /Fe and a Curie temperature T C = 3.3 K, which continues increasing to T C = 75 K as doping reaches y = 0.41. The emergence of the FM state is accompanied by quantum critical behavior as observed in the specific heat, C/T ∝ −lnT , and in the magnetic susceptibility, M/B ∝ T −4/3 . At y = 0.09, the specific heat divided by temperature C/T reaches a large value of 70 mJ/K 2 molFe, twice as large as that reported on FeSi 1−x Ge x for x c = 0.37 and Fe 1−x Co x Sb 2 for x c = 0.3 at their respective FM quantum critical points. The critical concentration y c = 0.13 in FeGa 3−y Ge y is quite small, despite the fact that its band gap is one order of magnitude larger than those in FeSi and FeSb 2 . In contrast, no FM state emerges by substituting Co for Fe in Fe 1−x Co x Ga 3 in the whole range 0 ≤ x ≤ 1, although both types of substitution should dope electrons into FeGa 3 . The FM instability found in FeGa 3−y Ge y indicates that strong electron correlations are induced by the disturbance of the Fe 3d -Ga 4p hybridization.
I. INTRODUCTION
Iron-and ruthenium-based semiconductors with band gaps of the order of 0.1 eV such as FeSi, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] -p(Ga) hybridization band-gap E g = 0.3 − 0.5eV is expected from the band structure calculations based on the density-functional theory within the local density approximation.
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It is consistent with the observed gap of 0. samples and 4p electron doped FeGa 3−y Ge y samples and measured the electrical resistivity ρ, specific heat C, and magnetization M. Our results demonstrate a doping-induced semiconductor-metal transition in both systems, but weak FM state only in FeGa 3−y Ge y for y ≥ 0.13. We will discuss how the doping effects in the FeGa 3 system differ from those in the FeSi and FeSb 2 systems.
II. EXPERIMENTAL DETAILS
Single crystals of Fe 1−x Co x Ga 3 and FeGa 3−y Ge y were grown by a Ga self-flux method.
Mixtures of high purity elements in compositions Fe : Co : Ga = 1 − X: X:
and K, we adopted a capacitive Faraday method using a high resolution capacitive force-sensing device installed in a 3 He refrigerator. 43 The specific heat C from 0.3 to 300 K was measured by a relaxation method on a Quantum Design PPMS.
III. RESULTS
Figures 2(a) and (b) show the temperature dependence of ρ for Fe 1−x Co x Ga 3 and FeGa 3−y Ge y , respectively. For Fe 1−x Co x Ga 3 , the data are normalized by the ρ value at 380 K. The ρ(T ) data for x = 0 shown in the inset of Fig. 2 (a) exhibits upturns in the temperature ranges of T >260 K and T <50 K, which are attributed to intrinsic response due to the band gap of 0.5 eV, and extrinsic one due to the impurity donors, respectively. On the other hand, a ferromagnetic (FM) order occurs in FeGa 3−y Ge y for y ≥ 0.13.
As shown in Fig. 4 , a spontaneous magnetic moment saturation µ s is observed in the magnetization curves M(B) for y ≥ 0.13 at 2 K, and the value of µ s increases with increasing y. However, the value of µ s is significantly smaller than that of Fe metal, 2.22 µ B /Fe. In order to study the nature of ferromagnetism in FeGa 3−y Ge y for y ≥ 0.13, the pressure dependence of M has been measured. Figure 7 shows the temperature dependence of M/B for y = 0.34 under various pressures P and the inset shows the pressure dependence of T C . It is found that T C decreases as T C ∝ P 3/4 which is predicted by the spin-fluctuation theory. 
IV. DISCUSSIONS
We now compare the doping effects on the electronic and magnetic states in 44 From a photoemission spectroscopy study of FeGa 3 , the magnitude of U was estimated as 3 eV, which is comparable with 3.7 eV for FeSi.
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Therefore, the absence of a magnetically ordered state in Fe 1−x Co x Ga 3 is a result of the fact that D(ε F ) at the bottom of the conduction band for Fe 1−x Co x Ga 3 is smaller than that for
On the other hand, for FeGa 3−y Ge y , electron doping at a small level y = 0.006 already induces the semiconductor-metal transition. The Ga site substitution disturbs the 3d-4p
hybridization, which should lead to a dramatic change in the electronic state. Higher doping for y ≥ 0.13 yields a FM order. The doping induced FM state in the analogous system FeSi 1−x Ge x was explained by a mean-field slave-boson approach. 10, 48 Thereby, the key parameter driving the magnetic phases is ratio between the Coulomb repulsion U and the hybridization of the localized-conduction electrons V . With increasing U/V , the paramagnetic ground state changes into an antiferromagnetic state and furthermore a FM state.
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For FeGa 3−y Ge y , the disturbance of the ligand Ga/Ge site may lead to the suppression of the d-p hybridization V , whereas U in the Fe 3d shell would remain unchanged. Therefore, the Ga site substitution can yield the increase of U/V and thus induce a FM ground state. On the other hand, for Fe 1−x Co x Ga 3 , the Fermi level shifts maintaining a rigid band, whereby V does not change. Because U/V is almost constant against x, no magnetic order is realized. Very recently, the experimental data for resistivity, specific heat and magnetization of FeSi 1−x Ge x have been explained by a minimal microscopic model. 14, 15 It is highly desirable to study whether this microscopic model is applicable for FeGa 3−y Ge y .
Next, we focus on the FM quantum critical behavior (QCB) in FeGa 3−y Ge y . Although ferromagnetic or antiferromagnetic QCB has been observed in many f -electron systems, instability is attributed to strong electron correlations, which are induced by the disturbance in the Fe 3d -Ga 4p hybridization by substituting Ge for Ga. Finally, we note that this system serves as a model system to investigate the FM instability in the simultaneous presence of disorder and electronic interaction, a problem that has been theoretically investigated. 
